Introduction
Most embryo transfers in cattle have been made about 1 week after oestrus when embryos are at the blastocyst stage and still within the zona pellucida. There are only a few reports on the collection and transfer of older, hatched embryos (Wilmut & Rowson, 1973;  Ayalon, Krieger & Lewis, 1976;  Heyman, Renard, Ozil & du Mesnil du Buisson, 1978; Brand, Aarts, Zaayer & Oxender, 1978a; Ozil, Heyman & Renard, 1979) , although thorough analogous studies have been made in sheep Peterson, Tervit, Fairclough, Havik & Smith, 1976) . This paper describes the collection of bovine embryos between Days 10 and 16 after oestrus (Day 0) and their transfer to recipients between Days 10 and 17. Part of the work has been briefly reported previously (Betteridge, Mitchell, Eaglesome & Randall, 1976 ) and many of the embryos collected were used in concurrent sexing studies (see Hare et al, 1978) . (Betteridge & Mitchell, 1974) . Donors were inseminated naturally or artificially (with fresh or frozen semen) on the first day of the ensuing oestrus and again the following day when AI was used, or if the animals would stand for the bull.
Embryo collection. Embryos were collected aseptically from responding donors at surgery (94 donors) or slaughter (97 donors) on Days 10-16. The techniques for anaesthesia, surgical exposure of the reproductive tract, pre-and post-operative care, and collection of tracts from slaughtered animals were as described previously (Betteridge & Mitchell, 1974 (Whittingham, 1971; 50 (14/34; 41-2%) . However, these differences were not significant (P > 0-05). 10(28-6%) 2(5-7%) 12(34-3%)
The proportion of embryos from a given donor that resulted in pregnancies following transfer varied: e.g. the embryos of 1 donor produced 8 pregnancies from transfers to 9 recipients, while those of another donor gave only one pregnancy after transfers to 8 recipients.
Discussion
The overall ovum and embryo recovery rate of 49% in flushed animals (Table 1) is low compared with the 72-73% achieved at Day 6 in large numbers of surgical recoveries (Marshall & Struthers, 1978a, b) but is well within the ranges reported by others between Days 2 and 8 (see Elsden & Betteridge, 1977 (Henricks & Hill, 1978 (Renard, Menezo, Saumande & Heyman, 1978) , this remains conjectural. In a much larger series of Day-10 embryos, Renard et al. (1978) encountered an even wider size range: 22/228 embryos of healthy appearance had begun to elongate and had reached lengths of up to 625 urn. The mean diameter of 182 spherical blastocysts (253 µ ) was close to that seen in the present study (222 µ ) and the proportion of unhatched embryos amongst those looking healthy was also similar (24/228 or 10-5% compared with 4/34 or 11-8% in our study).
The close similarity in the respective average sizes of Day-12 and Day-15 embryos from superovulating donors and from untreated cows contrasts with some sheep studies showing accelerated embryo growth from 8 days after superovulation (Wintenberger-Torrès, 1968) . It also suggests that circulating, like luteal tissue, progesterone levels (Staples, McEntee & Hansel, 1961) are not directly related to embryo size in cattle. This is of interest because, in sheep, progesterone has been considered to control the onset of the logarithmic phase of embryo growth at about Day 10 of normal pregnancy (Bindon, 1971b) Lawson, 1977) . In rabbits, too, the adverse effects of asynchronous transfer are thought to involve progesterone levels either directly (Maurer & Beier, 1976) or indirectly (Schacht & Foote, 1978) . However, comparison of separate reports suggests that the growth pattern of embryos in normal unstimulated sheep (Bindon, 1971a) resembles that seen in superovulating ewes Ayalon, Weis & Lewis (1968) . This is analogous with the situation in sheep (Bindon, 1969 (Bindon, , 1971a and contrasts to the lysis of unfertilized eggs in the uterus by about Day 5 in mice (McLaren, 1969) and from Day 8 in rabbits (Adams, 1970) . Although a distinction must be made between zona lysis and zona shedding (McLaren, 1969) , this does suggest that, if zona lysins are involved in hatching in cattle and sheep, they are likely to be embryonic rather than uterine in origin. The relative importance of these two possible sources of zona lysins in laboratory animals is still contentious (Rosenfeld & Joshi, 1977 Peterson et al, 1976) , embryos are therefore able to prevent luteolysis within a day or so of transfer. Embryo removal experiments have also confirmed that Day 16 is a critical stage in embryo-utero-ovarian relationships (Northey & French, 1978) . A full discussion of the means by which the Day-16 bovine embryo prevents luteolysis is beyond the scope of this paper but the likelihood that embryonic steroidogenesis and interaction between endometrial and trophoblastic tissues are involved has been reviewed (Heap, Flint, Gadsby & Rice, 1979 : see also Chenault, Laster & Maurer, 1978; Shemesh, Milaguir, Ayalon & Hansel, 1979) . Day-16 embryos also evoke vascular changes that are probably responsible for the brief, localized increase in blood flow to the pregnant horn between Days 14 and 18 in cows (Ford, 1978; Ford, Chenault & Echternkamp, 1979) . The presence of placental lactogen in Day-17 bovine embryos is felt to be coincidental rather than direct evidence of an antiluteolytic role for that hormone (Flint, Henville & Christie, 1979) . Day-18 cattle embryos, like Day-13-15 sheep embryos, are directly luteotrophic in vitro (Hansel, Lukaszewska & Beai, 1978; Godkin, Cote & Duby, 1978) and differences in peripheral blood progesterone levels between pregnant and non-pregnant cattle as early as Days 6 or 8 suggest that luteotrophic effects may occur much earlier (Henricks, Dickey, Hill & Johnston, 1972; Hansel et al, 1978) . In sheep, however, Bindon (1971b) . The 34-3% loss of pregnancies in 35 recipients after Day 42 is probably exaggerated by the exclusion of the 29 pregnant recipients that were slaughtered or induced to abort. The latter group had passed through the period of gestation when most losses occurred and those losses were later than losses reported for normally inseminated cattle (Ball, 1978 : Ayalon, 1978 (Schneider, 1978 (Brand et al, 1978) . The degree of loss seems to increase with the length of time that Day-6 or -7 embryos are held in vitro before transfer , suggesting that a variety of adverse influences on the younger embryo might pre¬ judice its survival to term. The same may apply to older ones. In an additional experiment, run concurrently with the present study, 4/4 recipients became pregnant following 3 twin and 1 single surgical transfers of Day-13 embryos that had been cultured for 20 h in Ham's F-10 medium with 10% heat-treated fetal calf serum under an atmosphere of 5% C02:5% O2:90% air. One of the 4 died from an accident (strangulation) on Day 89 and her single fetus was considered small for its age; 2 aborted or resorbed their fetuses between Days 88 and 113; the 4th aborted twin fetuses on Day 143. In the main series of experiments, with transfers on the day of collection, no effect of time in vitro on embryo viability was evident and 1 calf was born from a Day-14 embryo that had been held for 7 h 10 min.
Extended oestrous cycles have not been reported to be numerous following transfers of younger embryos except when 'adverse influences' such as freezing and thawing (Massip et al, 1978) or non-surgical transfer (Jillella, 1979) have been involved. Extension of the luteal phase probably reflects early death of the embryo after transfer (Betteridge, Eaglesome, Randall, Mitchell & Sugden, 1978) and is thus comparable with the effects of early embryonic death detected by progesterone monitoring in cows (Ball, 1978; Kummerfeld, Oltenacu & Foote, 1978 ) but which was rare (< 1%) in heifers in Ball's study.
Direct application of late embryo transfer to animal production is likely to be limited because of the reduced pregnancy rates, increased rates of embryonic loss and problems with low temperature preservation of older embryos (Trounson, Randall, Betteridge, Eaglesome & Hare, 1978) . It has proved useful when larger embryos are required, notably for sexing , but the development of reliable sexing procedures using earlier, freezable embryos (Moustafa, Hahn & Roselius, 1978) might negate this requirement. However, late transfer may constitute a model system for inducing a high incidence of early embryonic loss. This, and the ability to collect, manipulate and transfer embryos at stages that are evidently critical in embryo-utero-ovarian interrelationships should be useful in studying both the physiology and pathology of early pregnancy.
